The nodulation of Erythrophleum fordii has been recorded recently, but its microsymbionts have never been studied. To investigate the diversity and biogeography of rhizobia associated with this leguminous evergreen tree, root nodules were collected from the southern subtropical region of China. A total of 166 bacterial isolates were obtained from the nodules and characterized. In a PCR-based restriction fragment length polymorphism (RFLP) analysis of ribosomal intergenic sequences, the isolates were classified into 22 types within the genus Bradyrhizobium. Sequence analysis of 16S rRNA, ribosomal intergenic spacer (IGS), and the housekeeping genes recA and glnII classified the isolates into four groups: the Bradyrhizobium elkanii and Bradyrhizobium pachyrhizi groups, comprising the dominant symbionts, Bradyrhizobium yuanmingense, and an unclassified group comprising the minor symbionts. The nodC and nifH phylogenetic trees defined five or six lineages among the isolates, which was largely consistent with the definition of genomic species. The phylogenetic results and evolutionary analysis demonstrated that mutation and vertical transmission of genes were the principal processes for the divergent evolution of Bradyrhizobium species associated with E. fordii, while lateral transfer and recombination of housekeeping and symbiotic genes were rare. The distribution of the dominant rhizobial populations was affected by soil pH and effective phosphorus. This is the first report to characterize E. fordii rhizobia.
R
hizobia are soil bacteria that form root/stem nodules in different legumes and reduce atmospheric nitrogen to ammonia inside the nodules (1) . Currently, about 100 rhizobial species in 13 genera have been described as alpha-or betaproteobacteria. It is well known that the symbiosis between rhizobia and legumes contributes in a major way to the global supply of nitrogen resources (2) (3) (4) . Intensive research on these symbiotic bacteria has been performed around the world. All the rhizobial strains or populations have been shown to have a specific host spectrum, although the same plant species can form symbiotic relationships with distinct rhizobia in different geographic regions (5, 6) . Therefore, novel rhizobia or new symbiotic associations between rhizobia and legumes might be found by studying the rhizobia associated with legumes grown in different regions or by investigating legumes in which the rhizobia have not yet been studied. Such research might help to improve our knowledge about the diversity and biogeography of these valuable bacteria.
The so-called "ironwood" tree, Erythrophleum fordii Oliver, is an evergreen species of Caesalpiniaceae that is indigenous to the south of China and the north of Vietnam (7) . This species was not described in the book Legume Nodulation: a Global Perspective by Sprent (8) . E. fordii is a precious endangered plant species that is listed in the second grade of protected roster of the Chinese Plant Red Book I (9) . In China, E. fordii is indigenous to Guangdong, Guangxi, Fujian, and Taiwan provinces and ranges geographically from 24 to 25°N and 108 to 118°E (10) . The ironwood is hard, durable, corrosion and insect resistant, and seldom curves or cracks, and it has a high density and good capacity for deformation. These properties makes E. fordii the timber of choice for furniture, pavilions, and railway crossties (11) . As a result, this species has been exhausted by heavy exploitation and is now comparatively rare in China and Vietnam (7, 11) . Another factor that has contributed to its near extinction is the seed germination rate, which is only about 5% under natural conditions, mainly because the compact seed testa is coated with a hard colloid membrane (12) . E. fordii is also well known for its medicinal and poisonous properties and is often used in traditional Chinese medicine for invigorating and stimulating the blood circulation (13) . It has been recorded that, in China, E. fordii can form nitrogen-fixing root nodules with rhizobia. However, until now, only one strain closely related to Bradyrhizobium elkanii has been isolated from the nodule of E. fordii (14) , and no systematic studies on E. fordii rhizobia have been reported.
Here, to investigate the diversity and distribution of rhizobia associated with E. fordii, bacteria were isolated from root nodules collected from E. fordii plants grown in Guangdong Province and Guangxi Province in southern China. The isolates were characterized, and the correlations between soil factors and the rhizobial distribution and diversity were estimated. the dark at 28°C for 6 days. The germinated seedlings were sown in Leonard jars filled with vermiculite moisturized with low-N plant nutrient solution (15) and inoculated by adding 1 ml of a logarithmic-phase bacterial culture shaken in TY (tryptone-yeast) broth (about 10 7 CFU per seedling). Seedlings not inoculated with bacteria were included as blank controls. All the plants were grown in a glasshouse under natural sunlight and temperatures. Nodules were observed 65 days after inoculation, when the plants had grown to around 10 cm in height and the roots were well developed.
To confirm that the nodules were induced by the inoculated bacteria, nodules were selected randomly for rhizobial isolation as described above. BOX-PCR fingerprinting was performed using the lysate from the selected colony and the original bacterial colony used for the inoculation as templates to confirm their consistency. The primers and protocol were adopted from that reported by Versalovic et al. (17) .
DNA extraction and PCR-based restriction fragment length polymorphism (RFLP) analysis of ribosomal intergenic spacers (IGS). All the isolates were incubated at 28°C for 5 days in 5 ml TY broth with shaking at 170 rpm. Total genomic DNA was extracted from each isolate following the protocol of Terefework et al. (18) .
The technique of PCR-based RFLP of the IGS between the 16S and 23S rRNA genes has been used to identify closely related species. In this study, primers FGPS1490 and FGPS132 were used to amplify the IGS fragments in a 50-l mixture (19) . Aliquots (8 l) of PCR products were digested separately with the restriction endonucleases MspI, HhaI, and HaeIII (5 U per reaction mixture) at 37°C for 6 h and separated by horizontal electrophoresis in 2.5% (wt/vol) agarose gels that were supplied with ethidium bromide and visualized under UV light (20) . The restriction patterns were normalized, combined, and clustered using the GelCompar II version 4.5 software package (Applied Maths, Belgium). The unweighted pair group method with arithmetic mean (UPGMA) dendrogram was constructed based on the Dice correlation similarity coefficient with the combined profiles from the IGS RFLP. Strains that shared identical patterns were assigned an IGS type.
Sequencing and phylogeny of 16S rRNA, 16S-23S IGS, housekeeping, and symbiotic genes. Based on the results of the IGS RFLP analysis, representative isolates selected from different clusters were chosen for sequence analysis of their 16S rRNA gene, 16S-23S IGS, and housekeeping genes (recA, glnII, and gyrB), as well as the symbiotic and nitrogen-fixing (nodC and nifH) genes. The primers and reaction conditions used in the experiments are listed in Table 1 . After verifying the existence of the am- (20) , the PCR products were sequenced commercially (BGI) on an ABI 3730x1 sequencer. The acquired sequences were deposited in the GenBank database. All the sequences generated in this study and related sequences extracted from GenBank using the BLAST search program were aligned using ClustalW software (21) . Phylogenetic trees were constructed using MEGA 5.1 software (22) with the maximum likelihood (ML) method and the Kimura 2-parameter model for all the single-gene sequences in the present study as well as for the multilocus sequence analysis (MLSA) using the combined sequences of recA, glnII, and IGS. The phylogenetic trees were bootstrapped with 100 replications. Recombination detection among the ironwood rhizobia was performed by constructing a neighbor-net tree. The single and concatenated sequences of recA, glnII, and IGS were transformed into a NEXUS file format (23) and analyzed using the Splits Tree software 4.11 (24) . The contribution values for recombination or mutation to rhizobial evolution were estimated by calculating the r/m (recombination/mutation) value and rho/theta ratio (the relative frequency of occurrence of recombination compared with that of point mutations) by using ClonalFrame software 1.11 (25) . Correspondence analysis of soil factors and rhizobial groups. Canonical correspondence analysis (CCA) is a multivariate technique that integrates correspondence analysis and multiple regression analysis (26) . In the present study, the method was used to estimate the relationships between seven soil factors (OM, TN, AN, EP, EK, EC, and pH) and the MLSA groups of ironwood rhizobia. The data were preanalyzed by detrended correspondence analysis (DCA; Microcomputer Power, Ithaca, NY), and only when the length of the gradient was less than 3 were the data analyzed by redundancy analysis (RDA) using Canoco 4.5 software (26) .
Nucleotide sequence accession numbers. The 130 nucleotide sequences obtained in this study were deposited in the GenBank database under the following accession numbers: KF114566 to KF114582 and KF114584 to KF114586 for the nodC gene; KF114588 to KF114604 and KF114606 to KF114610 for the nifH gene; KF114612 to KF114633 for IGS; KF114635 to KF114655 and KF114657 for the 16S rRNA gene; KF114659 to KF114675 and KF114677 to KF114681 for the recA gene; KF114683 to KF114699 and KF114701 to KF114705 for the glnII gene; KF114707 to KF114723 and KF114725 to KF114729 for the gyrB gene (see Table S1 in the supplemental material).
RESULTS
Isolation of root nodule bacteria and soil characteristics. In this study, a total of 166 rhizobial isolates were obtained from the root nodules of E. fordii; 101 isolates were from Guangdong Province, and 65 were from Guangxi Province ( Table 2 ; see further details in Table S2 in the supplemental material). All the isolates were slowgrowing, alkali-producing bacteria with colonies less than 1 mm in diameter after 7 days of incubation in YMA medium supplied with the bromothymol blue indicator. The ability of nodulation was confirmed for all 166 isolates. The results of the soil characterization are presented in Table 3 . All the soil samples were acidic, with pH in the range 4.24 to 5.39. The contents of the main mineral nutrients in the dry soil samples were as follows: (in mg kg Ϫ1 ): 17.9 to 229.0 for AN, 14.0 to 75.5 for EP, and 33.5 to 130.0 for EK.
RFLP analysis of IGS. Based on the IGS RFLP analysis, a total of 22 IGS types (patterns) were distinguished among the 166 isolates. They were grouped into nine IGS clusters at a similarity level of 81%, which could differentiate the reference strains (Table 2; see also further details available in Fig. S1 in the supplemental material). Twenty-three isolates that represented different IGS types together with the reference strains ( Table 2) were used in the subsequent characterization.
Plant nodulation test and BOX-PCR results. An average of 15 spherical nodules was observed on the taproots and lateral roots of each inoculated E. fordii plant. The red coloration inside the nodules and the dark green leaves indicated effective nitrogen fixation. The BOX-PCR results confirmed that the nodules were induced by the inoculated isolates (data not shown). No nodules were observed on the plants of the blank control.
Phylogeny of IGS, 16S rRNA, and housekeeping genes. In the present study, the lengths of the IGS sequence of tested strains varied from 771 nucleotides (nt) to 945 nt. The phylogenetic tree of the IGS sequences was constructed by the ML method based on 636 nt, in which all gaps were totally deleted (Fig. 1) T were found in lineages I, II, and IV at 97.8 to 100%, 98.5 to 100%, and 98.3% sequence similarity, respectively. The CCBAU 53325 isolate was a unique lineage that differed from all the other isolates and reference strains at a similarity level below 92.5%.
The phylogenetic tree of the 16S rRNA gene sequences (see Fig.   S2 in the supplemental material) showed that the 23 representative isolates were grouped closely in three groups with the reference strains of the genus Bradyrhizobium at a 96.3 to 100% similarity level, confirming that they belonged to this genus ( T . Based on the combined sequences of recA, glnII, and IGS (Fig.  2) , the 23 representative isolates were grouped into four genomic lineages. Lineages I and II included the reference strains B. elkanii USDA 76
T and B. pachyrhizi LMG 24246 T at sequence similarities of 96 to 96.6% and 97 to 97.8%, respectively. Lineage III included only CCBAU 53325, which diverged deeply from the reference strains and all the other isolates in this study, at a sequence similarity lower than 92.8%, indicating CCBAU 53325 may be a new bradyrhizobial species. Lineages I to III (which included 164 isolates) fell into the less-recognized species cluster represented by B. elkanii USDA 76
T . Only the lineage IV CCBAU 51522 grouped with the better-known species cluster represented by B. japonicum USDA 6 T at the closest similarity, 95.7%, with B. yuanmingense CCBAU 10071
T . The separate sequence phylogenies of recA, glnII, and IGS ( Fig. 1 ; see also Fig. S3 and S4 in the supplemental material) were similar to each other and, in general, to the phylogenies reported from the combined sequence analysis ( Fig. 2 ; Table  2 ); however, some variations in the details were observed. For example, isolates CCBAU 51555 and CCBAU 51523 were in two distinct groups in the analysis of recA but were grouped together in the analyses of glnII, IGS, and the combined sequences of the three.
In the phylogenetic trees of the gyrB genes alone and of the concatenated IGS-recA-glnII-gyrB sequence (data not shown), the B. elkanii strains were intermingled with B. pachyrhizi strains, similar to that of the 16S rRNA genes in this study (see Fig. S2 in the supplemental material). Therefore, gyrB was not used for identifying the isolates in this study. Phylogeny of symbiotic nodC and nifH genes. The amplification of the nodC gene failed for isolates CCBAU 51522 and CCBAU 51523, probably because the nodC genes from the two isolates were divergent. The phylogenetic trees of the nodC (Fig. 3) and nifH (Fig. 4) sequences of the test isolates and reference strains showed similar topologies and grouping results ( Table 2 ). In general, the symbiotic genes grouped the isolates according to their species, but some exceptions were found. Twelve representative isolates in IGS/16S rRNA group I harbored nodC/nifH type 1, which represented 69 isolates and shared 96.5 to 92.7% similarity with the nodC/nifH type 1 of B. elkanii USDA 76 T and B. pachyrhizi PAC 48 T . The isolates CCBAU 51522 and 53325 represented two distinct groups (2 and 4 isolates for each) in the housekeeping genes and were still defined as disparate symbiotic gene types. However, most isolates in the IGS/16S rRNA group II harbored the nodC/nifH types 2, 3, and 4, representing 55, 10, and 21 isolates, respectively. The only exception was the isolate CCBAU 51578, which belonged to IGS/16S rRNA group II but nodC/nifH type 1 ( Table 2) .
Recombination analysis of the IGS and the housekeeping genes. Based on the phi test (P Ͻ 0.001), no significant recombinations among the Bradyrhizobium genomic species associated with E. fordii were detected in the recA and glnII neighbor-net trees, but significant recombinations were detected in the IGS sequence (see Fig. S5 to S7 in the supplemental material). These data implied that frequent recombinations of IGS happened among the tested Bradyrhizobium populations. The topology and phi test results for the neighbor-net tree based on the combined sequences of recA, glnII, and IGS (Fig. 5) the important contribution of mutations in the evolution of E. fordii-associated rhizobia.
Correlation analysis between the genetic diversity of rhizobia and soil factors. The CCA (results not shown) did not indicate a biogeographic pattern in the rhizobial populations involved in this study. In the DCA, the length of the gradient was 1.463, suggesting that the linear and unimodal models could be used to measure species response to soil factors. Of the other models used for the tests, redundancy analysis (RDA) proved to be the best. The two minor groups, B. yuanmingense and Bradyrhizobium sp. I, were not included in the RDA because their strain numbers were small. The RDA results showed that the more acidic the soil, the lower the B. elkanii population, as shown in Table 3 (Table 3 ). The B. elkanii population was not affected by EP and had a negative correlation with increasing quantities of the other five soil factors measured. Only EP showed a negative correlation with the distribution of the B. pachrhizi population of ironwood rhizobia, indicating that as the EP gradient increased, the proportion of B. pachyrhizi in the rhizobial populations decreased. EP showed an independent effect with respect to all other soil factors measured. At the site with the highest EP content (75. 5 
DISCUSSION
In general, very few genera of the Caesalpiniaceae, including Campsiandra, Chidlowia, Dimorphandra, Erythrophleum, Melanoxylon, Moldenhawera, and Tachigali, are known to nodulate (30) . Among these genera, the nodulation process and the rhizobia of Dimorphandra wilsonii have been studied in detail (30) . In the present study, the diversity of rhizobia associated with E. fordii is described for the first time.
Nodulation of E. fordii was recorded first in a survey of rhizobial resources in China (31) . However, the rhizobia of this plant have never been studied. The lack of research may be related to the fact that this plant is distributed only in tropical and southern subtropical regions of China in a narrow area from 24 to 25°N and 108 to 118°E (10) and in Vietnam from 17 to 23°N and 102 to 108°E (7) . E. fordii is a large tree that can reach heights of 37 to 45 m with diameters of 200 to 250 cm, which makes investigation and collection of its root nodules difficult. Research into ironwood rhizobia will expand rhizobial resources for use as inoculants during artificial seedling cultivation to produce more efficient biological nitrogen fixation abilities in this plant. This is the first time that E. fordii rhizobia have been classified into diverse Bradyrhizobium species, as illustrated in Fig. 1, 2 , and 3 and Table 2 .
Some difficulties existed in defining the rhizobial species in the isolates. In the present study, the diversity of the rhizobia in the E. fordii nodules was estimated by ribosomal IGS PCR-based RFLP, and sequence analysis of IGS, 16S rRNA, and the recA, glnII, nodC, and nifH genes ( Table 2 and Fig. 1 to 4 ; see also Fig. S1 through S4 in the supplemental material). In general, the clustering results for the IGS, MLSA, and nodC and nifH genes were consistent, and the 166 rhizobial isolates could be divided into four genomic species: B. pachyrhizi, B. elkanii, B. yuanmingense, and Bradyrhizobium sp. I, represented by CCBAU 53325 (Table 2) . However, some dis- crepancies were observed between the clustering results of PCRbased RFLP and the sequence analysis of ribosomal IGS and between the groups defined by the MLSA of the housekeeping genes and IGS and groups divided by 16S rRNA, IGS, or single housekeeping genes.
It has been hypothesized that bradyrhizobial strains with IGS sequence similarities of Ͻ95.5% usually belong to separate genospecies (27) , and so this method has been used to identify the bradyrhizobial species (28, 29) . The definition of 22 IGS types among the 166 isolates suggested a large diversity in the microsymbionts of E. fordii in southern China. When the clustering results for the RFLP and sequence analysis of ribosomal IGS sequences were compared (Table 2 and Fig. 1 ), differences were apparent in the isolates in groups I and II. Group I covered isolates in RFLP clusters II, IV, V, VI, and IX and the reference strain B. elkanii USDA 76 T , while group II covered isolates in RFLP clusters IV, V, VI, VII, and VIII and the reference strain B. pachyrhizi PAC 48 T . These differences demonstrated the great genetic diversity of the bradyrhizobia and the limitations of RFLP analysis in differentiating closely related Bradyrhizobium species.
MLSA of genes has been used widely to clarify the taxonomic relationships of rhizobial species (32, 33) , including species in the genus Bradyrhizobium (34, 35) . The grouping of isolates into four main phyletic groups by MLSA of the two housekeeping genes and IGS confirmed the estimation that the MLSA had higher discriminatory power than the 16S rRNA gene analysis for definition of bacterial species. Although MLSA groups I and groups II were split clearly in the MLSA tree, the similarities of MLSA group I sequences (which included the reference strain B. elkanii) with B. pachyrhizi LMG 24246 T were 95.5 to 96.5%. The high similarity of the sequences further confirmed the difficulty of species definition in Bradyrhizobium (27, 36 findings emphasize the close relationships between B. elkanii and B. pachyrhizi, as evidenced by the phylogeny of other housekeeping genes reported previously (28, 37) . Also, the failure of differentiation of B. elkanii from B. pachyrhizi based on the phylogenies of the 16S rRNA gene and gyrB indicated that these two genes were not suitable markers for the definition of Bradyrhizobium species. Considering all the grouping results, the B. pachyrhizi and B. elkanii groups made up 54.8% (91/166) and 41.57% (69/166) of the rhizobial population and were identified, therefore, as the principal microsymbionts of the E. fordii nodules, while Bradyrhizobium sp. I, represented by CCBAU 53325 (2.4%; 4/166) and B. yuanmingense (1.2%; 2/166), were the minor groups. Bradyrhizobium sp. I was most similar to B. elkanii, but the sequence similarity was just 92.8%, implying that it is a potentially new species. These results suggest that the exact taxonomy of the isolates obtained in the present study needs to be refined by further studies, such as DNA-DNA hybridization and phenotypic analysis. The finding that 98.8% of the ironwood rhizobia belong to the lessrecognized bradyrhizobial species group represented by B. elknaii USDA 76
T indicated the significance of exploitation for microsymbionts associated with the endangered and rare legume trees (19, 38) .
It was interesting that only the Bradyrhizobium species, including some potential novel species, were recognized among the E. fordii isolates, considering the fact that another Caesalpinioideae legume, Dimorphandra wilsonii, was also only nodulated with the Bradyrhizobium species, mostly the novel groups (30) , and that Caesalpinioideae is the most primitive lineage in the phylogeny of legumes. These results imply the possibility that the Bradyrhizobium might be the principal microsymbionts for Caesalpinioideae trees and that Bradyrhizobium spp. might be the more primitive rhizobia compared to other rhizobial genera, such as Rhizobium and Sinorhizobium, as estimated previously (39) .
No significant recombination was observed for recA and glnII, confirming them as good molecular markers to differentiate between Bradyrhizobium genomic species, although significant recombinations of the IGS sequences were detected among the tested Bradyrhizobium populations (see Fig. S8 in the supplemental material). The ratios for the combined r/m (0.7346 Ϯ 0.1363) and rho/theta (0.1218 Ϯ 0.0381) made it clear that mutations were the main promoters of species evolution for E. fordii rhizobia.
The nodC and nifH genes are very important for nodulation and nitrogen fixation in all rhizobial species (40), and they have been used to clarify the symbiotic biodiversity and host range of rhizobia (41) (42) (43) . Although both the symbiotic genes and the housekeeping genes are located on the same chromosome in bradyrhizobia, their evolution has been affected by different factors. The evolution of symbiotic genes in rhizobia was strongly forced by the selection of host plants (44) (45) (46) , while the divergence of housekeeping genes was usually a time-dependent event. Therefore, it was not surprising that the rhizobia, especially in the same species, harbored different symbiotic genes and that the phylogenetic relationships of the symbiotic genes were different from those of the two housekeeping genes in the same rhizobia ( Fig. 2  and 3 ). The consistency, with several exceptions, of the phylogenetic relationships between nodC/nifH and the IGS, 16S rRNA, and the two housekeeping genes ( Table 2 and Fig. 1, 3 , and 4; see also Fig. S2 in the supplemental material) means that the symbiotic genes were maintained mainly by vertical transmission and rarely by lateral transfer in the E. fordii-associated rhizobia, in agreement with previous reports (5, 46, 47) . The fact that rhizobia isolated from other legumes grown in the same region as E. fordii, such as peanut plants (48) and soybean (47) , harbored diverse symbiotic genes differing from those of the E. fordii rhizobia also supports the above estimations.
The consistency between the nodC and nifH phylogenetic trees also confirmed the coevolution of nodulation genes and nitrogen fixation genes reported previously for E. fordii rhizobia (29 
FIG 5
Neighbor-net tree constructed by using Splits Tree software 4.11, based on the combined sequences of the recA and glnII genes and IGS sequence, showing significant differences among the four species of E. fordii rhizobia. The phi test indicated statistically significant evidence for recombination (P Ͻ 0.00).
51578, which was in the same group as B. pachyrhizi in the IGS, 16S rRNA, and housekeeping genes analysis but shared nodC/nifH type 1 with the isolates in the B. elkanii group. This result confirmed a previous finding that the symbiotic genes could be spread by lateral gene transfer among different genera and species (49) . The lateral gene transfer that occurs in rhizobial strains is an important way of forming novel species, to improve their biodiversity and adaptation capacity, even though lateral transfer happens only rarely (6) . These results also suggested that the symbiotic genes had taxonomic values, beyond determination of their host specificity (40) , even though they are located on transferable symbiotic islands or plasmids (50, 51) .
The probable reasons for the failure to amplify nodC for CCBAU 51522 and CCBAU 51523 may be that they harbor divergent sequences of this gene, which would have made the primers that were used unsuitable for them, or they use another mechanism to initiate nodules, as reported previously for a Bradyrhizobium strain (51) .
Soil pH is regarded as the main ecological element affecting the survival and distribution of different rhizobial populations (5, 52) and other soil bacterial and fungal communities (53, 54) . The pH of all the sampling sites was acidic, and based on the angles among them (see Fig. S8 in the supplemental material), we found that the pH had a strong positive correlation with the distribution of B. elkanii but no significant correlation with the distribution of B. pachyrhizi. Because the angles of the content of pH and EP as well as AN and EP were almost 90°, pH and EP had independent effects on the distribution of rhizobia, as did AN and EP. We also found that the soil EP had a strong negative correlation with the distribution of B. pachyrhizi, supporting the finding that soil phosphorus content plays an important role in the nodulation capacity or distribution of B. pachyrhizi in ironwood nodules.
In conclusion, this is the first systematic study on the microsymbionts of E. fordii. The study revealed that B. pachyrhizi and B. elkanii form the two dominant groups of rhizobia associated with this plant and two other species, B. yuanmingense and Bradyrhizobium sp. I, were identified as minor groups. The distribution of the dominant species was affected by soil pH and EP. In evolution, mutation and vertical transfer are important mechanisms for housekeeping and symbiotic genes, while lateral transfer and recombinations of genes are rare for these genes.
